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(54) Expansion Valve 

(57) A valve body 30 of an expansion valve 10' is 
equipped with a first passage 32* formed by a cutting 
process through which a high-pressure refrigerant trav- 
els, and on the lower portion of the valve body 30 is 
formed a space 35a defining a valve chamber 35' from 
the bottom portion of the valve body 30 along the axial 
direction by a passage 33. The passage 33 defining the 
space 35a and the first passage 32' are formed so as to 
interfere with each other, and at the interference area is 
formed a throttle portion 323. That is, the diameter of 
the first passage 32* is formed so that the cross-sec- 
tional area thereof is gradually reduced toward the 
direction of the valve chamber 35, and a throttle portion 
323 is formed to the area of the first passage 32' inter- 
fering with the passage 33 defining the valve chamber 
35'. The throttle portion 323 is formed to have a cross- 
sectional area corresponding to a diameter of approxi- 
mately 3 mm. By such structure, the bubbles mixed 
inside the liquid-phase refrigerant is fined, and refriger- 
ant passage noise is reduced. 
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Description 

BACKGROUND OF THE INVENTION 

[0001] The present invention relates to an expansion 
valve for controlling the flow rate of a refrigerant to be 
supplied to an evaporator in a refrigeration cycle of a 
refrigerator, an air conditioning device and so on. 
[0002] This type of expansion valve is used in the 
refrigeration cycle of an air conditioning device in vehi- 
cles and the like, as well-known in the prior art. FIG. 4 
shows one example of a vertical cross-sectional view of 
a widely used prior art expansion valve together with an 
outline of the refrigeration cycle. FIG. 5 is a schematic 
view of the valve body in the expansion valve, and FIG. 
6 is a front view of the expansion valve of FIG. 4 viewed 
from direction A. The expansion valve 10 comprises a 
valve body 30 made of aluminum and having a substan- 
tially prismatic shape, to which are formed a first pas- 
sage 32 of a refrigerant pipe 1 1 in the refrigeration cycle 
mounted in the portion from the refrigerant exit of a con- 
denser 5 through a receiver 6 toward the refrigerant 
entrance of an evaporator 8 through which a liquid- 
phase refrigerant travels, and a second passage 34 of 
the refrigerant pipe 1 1 mounted in the portion from the 
refrigerant exit of the evaporator 8 toward the refrigerant 
entrance of a compressor 4 through which a gas-phase 
refrigerant travels. The passages are formed so that 
one passage is positioned above the other passage 
with a distance in between. Further, in FIGS. 5 and 6, 
reference number 50 show bolt inserting holes for 
mounting the expansion valve 10. 
[0003] On the first passage 32 is formed an orifice 32a 
where adiabatic expansion of the liquid-phase refriger- 
ant supplied from the refrigerant exit of the receiver 6 is 
to be performed. On the entrance side of the orifice 32a 
or upper stream side of the first passage is formed a 
valve seat, and a spherical valve means 32b supported 
by the valve member 32c from the upper stream side is 
positioned on the valve seat. The valve member 32c is 
fixed to the valve means by welding, and positioned 
between a biasing means 32d of a compression coil 
spring and the like, thereby transmitting the bias force of 
the biasing means 32d to the valve means 32b, and as 
a result, biasing the valve means 32b toward the direc- 
tion approaching the valve seat. By the above-men- 
tioned operation, the opening of the valve is adjusted. 
[0004] The first passage 32 to which the liquid-phase 
refrigerant from the receiver 6 is introduced acts as the 
passage for the liquid-phase refrigerant. An entrance 
port 321 connected to the receiver 6 and a valve cham- 
ber 35 connected to the entrance port 321 is formed to 
the valve body 30, wherein a valve means 32b is posi- 
tioned inside the valve chamber 35. An exit port 322 is 
connected to the evaporator 8. The valve chamber 35 is 
a chamber with a bottom formed coaxially with the ori- 
fice 32a, and is sealed by a plug 39, which acts as an 
adjusting screw. The plug 39 is movably screwed in the 



advancing or retreating direction onto a mounting hole 
39' communicated to the valve chamber 35, for control- 
ling the pressurizing force of the coil spring. The plug 39 
is equipped with an o-ring 39a, so as to secure the 

5 sealed state between the valve body 30. 

[0005] Moreover, the valve body 30 is equipped with a 
small radius hole 37 and a large radius hole 38, which is 
larger than the hole 37, which penetrate through the 
second passage 34 and are positioned coaxial to the 

10 orifice 32a, so as to provide driving force to the valve 
means 32b for opening or closing the orifice 32a 
according to the exit temperature of the evaporator 8. 
On the upper end of the valve body 30 is formed a screw 
hole 361 to which a power element portion 36 acting as 

is a heat sensing portion is fixed. 

[0006] The power element portion 36 comprises a dia- 
phragm 36a made of stainless steel, an upper cover 36d 
and a lower cover 36h welded to each other with the dia- 
phragm 36a positioned in between so as to each define 

20 an upper pressure housing 36b and a lower pressure 
housing 36c forming two sealed housings on the upper 
and lower areas of the diaphragm 36a, and a sealed 
tube 36i for sealing a predetermined refrigerant working 
as a diaphragm drive liquid into the interior space com- 

25 municated to the upper pressure housing 36b, wherein 
the lower cover 36h is screwed onto the screw hole 361 
with a packing 40. The lower pressure housing 36c is 
communicated to the second passage 34 through a 
pressure-equalizing hole 36e formed coaxial to the 

30 center axis of the orifice 32a. The refrigerant vapor from 
the evaporator 8 flows through the second passage 34, 
and therefore, the second passage 34 acts as a pas- 
sage for the gas-phase refrigerant, and the pressure of 
the refrigerant gas is loaded to the lower pressure hous- 

35 ing 36c through the pressure-equalizing hole 36e. Fur- 
ther, reference number 342 represents an entrance port 
from which the refrigerant transmitted from the evapora- 
tor 8 enters, and 341 represents an exit port from which 
the refrigerant to be transmitted to the compressor 4 

40 exits. In FIGS. 5 and 6, the sealed tube 36i is omitted 
from the drawing. 

[0007] Inside the lower pressure housing 36c contact- 
ing the diaphragm 36a is formed an aluminum heat 
sensing shaft 36f positioned slidably inside the large 

45 radius hole 38 penetrating the second passage 34, so 
as to transmit the refrigerant exit temperature of the 
evaporator 8 to the lower pressure housing 36c and to 
slide inside the large radius hole 38 in correspondence 
to the displacement of the diaphragm 36a accompanied 

so by the difference in pressure between the lower pres- 
sure housing 36c and the upper pressure housing 36b 
in order to provide drive force, and a stainless steel 
operating shaft 37f having a smaller diameter than the 
heat sensing shaft 36f is positioned slidably inside the 

55 small radius hole 37 for pressing the valve means 32b in 
resistance to the elastic force of the biasing means 32d 
according to the displacement of the heat sensing shaft 
36f , wherein the heat sensing shaft 36f is equipped with 
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a sealing member, for example, an o-ring 36g, so as to 
secure the seal between the first passage 32 and the 
second passage 34. The upper end of the heat sensing 
shaft 36f contacts to the lower surface of the diaphragm 
36a as the receiving portion of the diaphragm 36a. the 
lower end of the heat sensing shaft 36f contacts to the 
upper end of the operating shaft 37f, and the lower end 
of the operating shaft 37f contacts to the valve means 
32b, wherein the heat sensing shaft 36f together with 
the operating shaft 37t constitute a valve drive shaft. 
Accordingly, the valve drive shaft extending from the 
lower surface of the diaphragm 36a to the orifice 32a of 
the first passage 32 is positioned coaxially inside the 
pressure-equalizing hole 36e. Further, a portion 37e of 
the operating shaft 37f is formed narrower than the 
inner diameter of the orifice 32a, which penetrates 
through the orifice 32a, and the refrigerant passes 
through the orifice 32a. 

[0008] A known diaphragm drive liquid is filled inside 
the upper pressure housing 36b of the pressure housing 
36d, and through the diaphragm 36a and the valve drive 
shaft exposed to the second passage 34 and the pres- 
sure equalizing hole 36e communicated to the second 
passage 34, the heat of the refrigerant vapor travelling 
through the second passage 34 from the refrigerant exit 
of the evaporator 8 is transmitted to the diaphragm drive 
liquid. 

[0009] In correspondence to the heat being transmit- 
ted as above, the diaphragm drive liquid inside the 
upper pressure housing 36b turns into gas, the pres- 
sure thereof being loaded to the upper surface of the 
diaphragm 36a. The diaphragm 36a is displaced to the 
vertical direction according to the difference between 
the pressure of the diaphragm drive gas loaded to the 
upper surface thereof and the pressure loaded to the 
lower surface thereof. 

[001 0] The vertical displacement of the center area of 
the diaphragm 36a is transmitted to the valve means 
32b through the valve drive shaft, which moves the 
valve means 32b closer to or away from the valve seat 
of the orifice 32a. As a result, the flow rate of the refrig- 
erant is controlled. 

[0011] The temperature of the low-pressure gas- 
phase refrigerant sent out from the exit of the evapora- 
tor 8 is transmitted to the upper pressure housing 36b, 
and according to the temperature, the pressure inside 
the upper pressure housing 36b is changed. When the 
exit temperature of the evaporator 8 rises, in other 
words, when the heat load of the evaporator is 
increased, the pressure inside the upper pressure hous- 
ing 86b is raised, and correspondingly, the heat sensing 
shaft 36f or valve drive shaft is driven to the downward 
direction, pushing down the valve means 32b. Thereby, 
the opening of the orifice 32a is widened. This 
increases the amount of refrigerant being supplied to 
the evaporator 8. and lowers the temperature of the 
evaporator 8. In contrast, when the temperature of the 
refrigerant sent out from the evaporator 8 is lowered or 



heat load of the evaporator is reduced, the valve means 
32b is driven to the opposite direction, narrowing the 
opening of the orifice 32a, reducing the amount of 
refrigerant being supplied to the evaporator, and raises 
5 the temperature of the evaporator 8. 

SUMMARY OF THE INVENTION 

[0012] In this type of expansion valves, it is preferable 

io that only the liquid-phase refrigerant from the receiver 6 
be supplied thereto. However, the gas-phase refrigerant 
may be mixed to the liquid-phase refrigerant inside the 
receiver, and there are cases where a gas -liquid phase 
refrigerant is transmitted to the entrance port 321. In 

is such case, when the refrigerant including the gas-phase 
refrigerant travels from the entrance port 321 through 
the valve chamber 35 and the orifice 32a toward the exit 
port 322, refrigerant passage noise may be generated. 
[0013] The present invention aims at providing an 

20 expansion valve solving the above-mentioned problem. 
[0014] In order to solve the problem, the expansion 
valve according to the present invention comprises a 
valve body, a valve chamber formed inside said valve 
body to which a refrigerant enters from a passage 

25 where high-pressure refrigerant being transmitted to an 
evaporator travels, a valve means positioned inside said 
valve chamber for adjusting the flow rate of said refrig- 
erant, said valve means being driven according to the 
temperature of a low-pressure refrigerant transmitted 

30 from said evaporator to a compressor, wherein said 
valve chamber includes a throttle portion formed so as 
to interfere with said passage, and through said throttle 
portion enters said refrigerant into said valve chamber. 
[0015] Further, the expansion valve according to the 

35 present invention comprises a valve body including a 
first passage through which a high-pressure refrigerant 
flowing toward an evaporator travels and a second pas- 
sage through which a low-pressure refrigerant flowing 
from said evaporator toward a compressor travels, a 

40 valve means being driven according to the temperature 
of said low-pressure refrigerant by a power element por- 
tion mounted to an upper end portion of said valve body, 
a mounting hole formed to a bottom end portion of said 
valve body to which an adjustment screw is movably 

45 mounted in the advancing or retreating direction for 
adjusting the pressurizing force of a spring for control- 
ling the valve opening of said valve means, and a valve 
chamber defined by a passage being communicated to 
said mounting hole, wherein said expansion valve fur- 
so ther comprises a throttle portion formed by said pas- 
sage defining said valve chamber being interfered with 
said first passage, and through said throttle portion 
flows said high-pressure refrigerant traveling from said 
first passage into said valve chamber. 

55 [001 6] Even further, the expansion valve according to 
the present invention characterized in that said first pas- 
sage is formed so that the diameter thereof is reduced 
gradually toward said valve chamber, and a wall portion 
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is formed to the area between said first passage and 
said valve chamber. 

[001 7] As above, by forming a throttle portion connect- 
ing the first passage and the valve chamber, the bub- 
bles inside the refrigerant may be fined, and as a result, 
the noise level of the refrigerant passage noise caused 
by the existence of bubbles may be reduced. 

BRIEF DESCRIPTION OF THE DRAWINGS 
[0018] 

FIG. 1 is a drawing showing the cross-sectional 
view of one embodiment of the expansion valve 
according to the present invention with an outline of 
the refrigeration cycle; 

FIG. 2 is a partially enlarged view showing the main 
portion of the expansion valve according to the 
embodiment of FIG. 1 ; 

FIG. 3 is a chart showing the result of the experi- 
ment measuring the noise level of the expansion 
valve shown in FIG. 1 and the prior art expansion 
valve; 

FIG. 4 is a view showing the cross-section of the 
prior art expansion valve with an outline of the 
refrigeration cycle; 

FIG. 5 is a schematic view of the prior art expansion 
valve; and 

FIG. 6 is a front view of the prior art expansion 
valve. 

PREFERRED EMBODIMENT OF THE INVENTION 

[0019] The preferred embodiment of the present 
invention will now be explained with reference to the 
accompanied drawings. 

[0020] FIG. 1 is a cross-sectional view showing one 
embodiment of the expansion valve according to the 
present invention, together with an outline of the refrig- 
eration cycle, and FIG. 2 is a partially enlarged view 
showing the main areas of the expansion valve accord- 
ing to the embodiment shown in FIG. 1 . 
[0021 ] In the expansion valve 1 0* shown in FIG. 1 , only 
the structural condition of the passage through which 
the high-pressure refrigerant from the receiver travels 
and the passage defining the space as the valve cham- 
ber differ from the prior art expansion valve 10 shown in 
FIG. 4, and the other structures are the same. There- 
fore, the same reference numbers are provided to the 
same components, and the detailed explanation thereof 
are omitted. In FIG. 1, the expansion valve 10' com- 
prises a first passage 32' through which high-pressure 
refrigerant flowing from the receiver 6 into the valve 
body 30 travels, and on the lower portion of the valve 
body 30. a space 35a constituting a valve chamber 35' 
is formed by a passage 33 from the bottom portion of 
the valve body 30 along the axial direction. 
[0022] The passage 33 is formed so as to be commu- 



nicated to a mounting hole 39 f of a plug 39. The space 
35a is closed and sealed by a plug 39 screwed and fixed 
to the bottom end portion of the valve body 30, thereby 
constituting a valve chamber 35'. In the valve chamber 

5 35' is stored a valve member 32c supporting the valve 
means 32a, and the valve means 32b is biased by the 
elastic force of a coil spring 32d mounted between the 
valve member 32c and the plug 39. 
[0023] The first passage 32 f and the passage 33 

10 defining the space 35a is formed so as to interfere with 
one another when formed, as shown by the dotted line 
of FIG. 2, and a throttle portion 323 is formed at the 
interfering area. That is, the first passage 32' is formed, 
as shown in FIG. 2, so that its diameter is gradually 

75 decreased toward the direction of the valve chamber 35' 
and the size of the cross sectional area of the passage 
is thereby decreased gradually. The diameter of the 
entrance port 321 is approximately 14.5 mm, the diam- 
eter of the passage 32' at the area interfering with the 

20 valve chamber 35* is approximately 4.5 mm, and the first 
passage 32' having the cross-sectional area of said 
diameter is interfered with the passage 33 defining the 
valve chamber 35', forming a throttle portion 323. The 
throttle portion 323 is formed so that it has a cross-sec- 

25 tional area corresponding to the diameter of approxi- 
mately 2 mm to 4 mm. 

[0024] A wall portion 32e is formed to the first passage 
32' between the valve chamber 35' and the portion of 
the first passage 32' whose diameter is smallest which 

30 constitutes the throttle portion 323, said wall portion 
contributing to a function of throttling the high-pressure 
refrigerant traveling through the first passage 32* at the 
throttle portion 323. That is, the high-pressure refriger- 
ant from the receiver 6 flows in from the entrance port 

35 321 of the first passage 32', and is gradually throttled 
according to the reduction of diameter of the first pas- 
sage 32. Then, when it passes through the passage 32', 
the refrigerant is collided against and buffed by the wall 
portion 32e, and thereby, the flow of the refrigerant is 

40 bent from the first passage 32' to the throttle portion 
323, and as a result, advances from the throttle portion 
323 into the valve chamber 35'. The throttle portion 323 
acts as an opening opened to both the first passage 32 
and the valve chamber 35\ communicating the first pas- 

45 sage 32' and the valve chamber 35*, and the cross-sec- 
tional area of the throttle portion comprises a cross- 
sectional area corresponding to a diameter of approxi- 
mately 2 mm to 4 mm. The size of the throttle portion 
323 is defined in the range of a cross-sectional area cor- 

so responding to a diameter between approximately 2 mm 
through 4 mm, since it is confirmed by experiment that 
the throttle portion having a diameter of approximately 4 
mm or less was effective in reducing the refrigerant pas- 
sage noise, and that a throttle portion having a diameter 

55 of approximately 2 mm or more was necessary in secur- 
ing the flow rate of the refrigerant without increasing 
passage resistance. 

[0025] In such structure, the high-pressure refrigerant 
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transmitted from the receiver 6 travels through the first 
passage 32' to the throttle portion 323, and there, the 
high-pressure refrigerant collides to the wall portion 32e 
buffing the shock of bubbles, and bends its path from 
the first passage 32' to the throttle portion 323, advanc- 
ing into the valve chamber 35*. In this throttle portion 
323, the high-pressure refrigerant is throttled before 
being reduced of its pressure and being expanded by 
the valve means 32b and the orifice 32a, so that the 
bubbles inside the high-pressure refrigerant is fined, 
thereby reducing the refrigerant passage noise. 
[0026] FIG. 3 shows a chart where the noise level 
caused by the refrigerant passage noise according to 
the present embodiment is compared with that of the 
prior art expansion valve, wherein the throttle portion 
323 is formed to have a cross-sectional area corre- 
sponding to a diameter of approximately 3 mm, the 
room temperature is 20 °C, the rotational speed of the 
compressor is 1 000 rpm, and the air-flow of the evapo- 
rator is set to a LOW mode. The chart shows the result 
of the experiment where the noise was measured at an 
area away from the expansion valve by 10 cm under the 
above condition. As can be anticipated by the chart 
shown in FIG. 3, the present expansion valve has a 
greatly improved noise level compared to the prior art 
expansion valve at the starting and at the stationary 
state of the refrigeration cycle. 
[0027] The operation of the valve means 32b and the 
orifice 32a to reduce the pressure and to expand the 
high-pressure refrigerant flown into the valve chamber 
35' into a vapor state, and to transmit said refrigerant 
from the exit port 322 into an evaporator, are the same 
as that of the prior art expansion valve shown in FIG. 4. 
That is, the pressure of the upper pressure chamber 
36b of the power element portion 36 which varies 
according to the temperature transmitted through the 
heat sensing shaft 36f of the refrigerant traveling 
through the second passage 34 acts with the refrigerant 
pressure from the second passage 34, which drives the 
valve means 32b to a position of balance with the force 
acting to the diaphragm 36a through the operation shaft 
37f by the coil spring 32d. Thereby, the opening of the 
valve means 32b is controlled. 

[0028] As mentioned above, the noise caused when 
the refrigerant passes may be reduced according to the 
present embodiment, without having to change the 
design of the prior art expansion valve greatly. 
[0029] Further, the above-mentioned embodiment 
showed a state where a low-pressure refrigerant pas- 
sage comprising a heat sensing shaft is positioned 
inside an expansion valve body for adjusting the open- 
ing of the valve means by use of a power element por- 
tion. However, the present expansion valve may also be 
equipped with a heat sensing pipe. Moreover, the 
present expansion valve may be equipped with a power 
element portion using a plug body, instead of the sealed 
tube, to seal the refrigerant. 

[0030] As explained above, according to the present 



invention, a throttle portion is mounted to the expansion 
valve at the interfering area between the high-pressure 
refrigerant passage and the valve chamber, which effec- 
tively reduces the noise level caused when the refriger- 
5 ant travels through the expansion valve. 

[0031] Moreover, according to the present invention, 
the noise thereof may be reduced without having to 
change the design of the prior art expansion valve 
greatly. 

10 

Claims 

1. An expansion valve comprising a valve body, a 
valve chamber formed inside said valve body to 

is which a refrigerant enters from a passage where a 
high-pressure refrigerant being transmitted to an 
evaporator travels, a valve means positioned inside 
said valve chamber for adjusting the flow rate of 
said refrigerant, said valve means being driven 

20 according to the temperature of a low-pressure 
refrigerant transmitted from said evaporator to a 
compressor, wherein said valve chamber includes a 
throttle portion formed so as to interfere with said 
passage, and through said throttle portion flows 

25 said refrigerant into said valve chamber. 

2. An expansion valve comprising a valve body includ- 
ing a first passage through which a high-pressure 
refrigerant flowing toward an evaporator travels and 

so a second passage through which a low-pressure 
refrigerant flowing from said evaporator toward a 
compressor travels, a valve means driven accord- 
ing to the temperature of said low-pressure refriger- 
ant by a power element portion mounted to an 

35 upper end portion of said valve body, a mounting 
hole formed to a bottom end portion of said valve 
body to which an adjustment screw is movably 
mounted in the advancing or retreating direction for 
adjusting the pressurizing force of a spring for con- 

40 trolling the valve opening of said valve means, and 
a valve chamber defined by a passage being com- 
municated to said mounting hole, wherein said 
expansion valve further comprises a throttle portion 
formed by said passage defining said valve cham- 

45 ber being interfered with said first passage, and 
through said throttle portion flows said high-pres- 
sure refrigerant into said valve chamber from said 
first passage. 

50 3. An expansion valve according to claim 1 or claim 2, 
wherein said first passage is formed so that the 
diameter thereof is reduced gradually toward said 
valve chamber, and a wall portion is formed to the 
area between said first passage and said valve 

55 chamber. 
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Fig. 2 
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Fig. 3 
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(54) Expansion Valve 

(57) A valve body 30 of an expansion valve 10' is 
equipped with a first passage 32' formed by a cutting 
process through which a high-pressure refrigerant trav- 
els, and on the lower portion of the valve body 30 is 
formed a space 35a defining a valve chamber 35 1 from 
the bottom portion of the valve body 30 along the axial 
direction by a passage 33. The passage 33 defining the 
space 35a and the first passage 32' are formed so as to 
interfere with each other, and at the interference area is 
formed a throttle portion 323. That is, the diameter of 
the first passage 32' is formed so that the cross-sec- 
tional area thereof is gradually reduced toward the 
direction of the valve chamber 35, and a throttle portion 
323 is formed to the area of the first passage 32' inter- 
fering with the passage 33 defining the valve chamber 
35'. The throttle portion 323 is formed to have a cross- 
sectional area corresponding to a diameter of approxi- 
mately 3 mm. By such structure, the bubbles mixed 
inside the liquid-phase refrigerant is fined, and refriger- 
ant passage noise is reduced. 
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